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(54) Plasma display panel and manufacturing method therefor 



(57) A plasma display panel is composed of a first 
substrate and a second substrate facing each other via 
a discharge space and sealed together. A protective lay- 
er (15) on the first substrate is composed principally of 
magnesium oxide, includes a substance or structure 
that creates a first energy level (151) in an area of a 
forbidden band, the area being in a vicinity of a conduc- 
tion band, and includes a substance or structure that 



creates a second energy level (152) in another area in 
the forbidden band, the other area being in a vicinity of 
a valence band. During driving the second energy level 
(152) is occupied by electrons, and few electrons exist 
in the first energy level (151), or electrons can easily 
occupy the first energy level (1 51 ) due to a min us charge 
state, and MgO insulation resistance is not lowered. 
This maintains wall charge retention and reduces dis- 
charge irregularities and firing voltage Vf. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a plasma dis- 
play panel and a manufacturing method therefor, and in 
particular to a method for forming a magnesium oxide 
protective layer that covers a dielectric layer. 

(2) Description of Related Art 

[0002] A plasma display panel (hereinafter referred to 
as a "PDP") is a gas discharge panel in which images 
are displayed according to phosphor that emits light by 
being excited by ultraviolet rays generated by gas dis- 
charge. PDPs are divided into two types: alternating cur- 
rent (AC) and direct current (DC), depending of the 
method used to discharge. AC PDPs are the more com- 
mon type due to their superiority over DC PDPs in terms 
of luminance, luminous efficiency, and lifespan. 
[0003] . An AC PDP has the following structure. A plu- 
rality of electrodes (display electrodes and address 
electrodes) are arranged on each of two thin sheets of 
panel glass. The exposed parts of the surface of each 
sheet of glass and the electrodes are covered by a die- 
lectric layer on which a protective layer (film) is formed. 
The sheets of glass are positioned and sealed together 
facing each other via a plurality of barrier ribs, between 
each pair of which is a phosphor layer. As a result, dis- 
charge cells* (sub-pixels) are formed in a matrix pattern. 
Discharge gas is enclosed in the space formed between 
the two sheets of panel glass. 

[0004] When the PDP is driven, electricity is supplied 
appropriately totfhe plurality of ?the electrodes based on 
a field time division gradation display method, in order 
to obtain discharge in the discharge gas, thereby gen- 
erating ultraviolet rays that illuminate the phosphor. 
Specifically, each frame to be displayed is divided into 
a plurality of subfields, and each subfield is further di- 
vided into a plurality of periods. In each frame, first the 
wall charge of the whole screen is initialized (reset) in 
an initialization period. Then, in an address period ad- 
dress discharge is performed in order to charge the 
walls only of cells to be illuminated. Next, in a discharge 
sustain period an AC voltage (sustain voltage) is applied 
simultaneously to all discharge cells to obtain sustained 
discharge for a set period of time. Since discharge in a 
PDP occurs based on a probability phenomenon, the 
probability that discharge will occur (called "discharge 
probability" ) varies from cell to cell. Consequently, this 
characteristic allows the discharge probability of, for ex- 
ample, address discharge to be increased in proportion 
to the width of the pulse applied to execute address dis- 
charge. 

[0005] An example of a general structure of a PDP is 
disclosed in Japanese Laid-Open Patent Application 



No. 9-92133. 

[0006] Here, the purpose of the protective layer that 
covers the dielectric layer on the panel glass on the front 
side of the PDP is to protectthe dielectric layer from ion 
5 bombardment during discharge, and also to function as 
a cathode material that contacts the discharge space. 
As such, it is commonly known that the properties of the 
protective layer influence discharge characteristics sig- 
nificantly. In the aforementioned document, an MgO ma- 
10 terial is selected for use as the protective layer because 
of the fact that firing voltage Vf can be lowered due to 
the large secondary emission coefficient of MgO, and 
that MgO is resistant to sputtering. An MgO protective 
layer is usuallyformed with a thickness of approximately 
is o,5 jam to 1 \im by vacuum deposition. 

[0007] Although MgO is used in the protective layer 
in a PDP in order lower the firing voltage Vf, the opera- 
tion voltage is still higher than, for example, a liquid crys- 
tal display apparatus, and it is necessary for the transis- 
tors and driver ICs used in the driving circuits and the 
integrated circuits to be highly voltage resistant. This is 
one factor that contributes to the high cost of PDPs. 
[0008] More specifically, expectations in recent years 
for higher definition and larger size of displays has lead 
to increases in the number of cells, and consequently a 
need to increase the driving speed of PDPs. Demands 
are being made to reduce the time assigned to each 
subf rame as a way of shortening driving time. When the 
driving time is shortened, the discharge probability de- 
creases, and therefore the possibility increases of dis- 
charge, such as address discharge, not being per- 
formed reliably. One method that attempts to deal with 
this problem is dual scanning. To achieve dual scanning, 
the number of data driver ICs in the driving circuit is in- 
creased, and address discharge is performed simulta- 
neously from both *e^top and bottom of the panel to- 
wards the center, to achieve what appears to be an ad- 
dress period of a set length of time. However, if this 
method is employed, the number of data drivers re- 
quired is twice that of an ordinary PDP and wiring be- 
comes complicated. These factors contribute to high 
costs and low yield in manufacturing PDPs. 
[0009] As a result, there is a desire to produce PDPs 
that consume less power by being driven with low volt- 
age, while controlling the cost of the PDPs. 
[0010] Examples of techniques for driving of a PDP 
with low power consumption are disclosed in Japanese 
Laid-Open Patent Application No. 2001-332175 and 
Japanese Laid-Open Patent Application No. 
1 0-334809. Such techniques involve creating an energy 
level in a forbidden band in a vicinity of a conduction 
band (C.B) by providing an oxygen vacancy defect in 
the MgO of the protective layer or doping the MgO with 
impurities. This enables the firing voltage Vf to be low- 
55 ered, and improves discharge characteristics (in partic- 
ular, discharge irregularities). FIG. 7 shows the relation- 
ship between the energy state of the MgO of the protec- 
tive layer and the discharge space in the prior art. In the 
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prior art, a first energy level 31 is provided in a vicinity 
of the conduction band of the protective layer by, for in- 
stance, doping the MgO with silicon, as shown in FIG. 
7. This increases the number of electrons that are ex- 
cited in the protective layer during driving, and enables 
electrons lo be supplied to the discharge space more 
easily, thereby increasing the discharge probability. In 
FIG. 7, Eg shows the band gap of the MgO, which is 7.8 
eV, and Ea shows the electron affinity of the MgO , which 
is 0.85 eV. 

[0011] However, the conventional techniques are 
problematic in that they are unable to both reduce the 
firing voltage Vf sufficiently and solve display instability 
called "black noise". Black noise is a phenomenon 
where a cell that should be illuminated (a selected cell) 
is not illuminated, and tends to occur at the boundaries 
between illuminated areas and non-illuminated areas. 
Black noise does not occur in all of a plurality of selected 
cells in one line or one column, but is scattered across 
the screen. For this reason, black noise is thought to be 
caused by address discharge either lacking in intensity 
or failing to occur. This is thought to be caused by the 
power of the walls to retain charge being reduced, and 
the effective addressing voltage consequently dropping, 
if the firing voltage Vf is lowered by simply providing an 
energy level in a vicinity of the conduction band in the 
forbidden band of the MgO. As a result, errors occur in 
addressing, and the image display performance of the 
PDP is reduced. 

SUMMARY OF THE INVENTION 

[001 2] I n view of the stated problems , the object of the 
present invention is to provide a PDP, and a manufac- 
turing method therefor, that is able to increase discharge 
probability by reducing firing voltage Vf without using ex- 
pensive, highly voltage-resistant transistor and driver 
ICs, and that has a protective tayerthat is abie to reduce 
the occurrence of black noise in which cells that should 
be illuminated are not illuminated, by maintaining wall 
charge retention. 

[0013] In order to solve the stated problems, the 
present invention is a plasma display panel composed 
of a first substrate and a second substrate that are ar- 
ranged facing each other via a discharge space and 
sealed together at edge portions, the first substrate hav- 
ing a protective layer being formed on a main surface 
thereof that faces the second substrate, wherein the 
protective layer is composed principally of magnesium 
oxide, includes a substance or a structure that creates 
a first energy level in an area of a forbidden band, the 
area being in a vicinity of a conduction band, and in- 
cludes a substance or a structure that creates a second 
energy level in another area in the forbidden band, the 
other area being in a vicinity of a valence band. 
[0014] Specifically, in the plasma display panel, dis- 
charge irregularities and firing discharge voltage are 
controlled due to the existence of the first energy level, 



and firing voltage is controlled and wall charge is re- 
tained due to the existence of the second energy level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0015] These and other objects, advantages and lea- 
Lures of the invention will become apparent from the fol- 
lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific em- 
10 bodiment of the invention. In the drawings: 

FIG. 1 is cross-sectional perspective view that 
shows the structure of a PDP of the first embodi- 
ment schematically; 
15 FIG. 2 shows an example of a PDP driving process; 

FIG. 3 shows the relationship between the.energy 
state in MgO of a protective layer and a discharge 
space in the first embodiment of the present inven- 
tion; 

20 FIG. 4 is an energy band diagram of a protective 
layer doped with Cr in a PDP of a second embodi- 
ment; 

FIG. 5 is a cross-sectional diagram of the structure 
of a protective layer of a PDP of the third embodi- 
es ment; 

FIG. 6 is an energy band diagram of a protective 
layer that has an oxygen vacancy defect, or that has 
been doped with H; 

FIG. 7 shows the relationship between the energy 
30 state in MgO of a protective layer and a discharge 
space in the prior art; and 

FIG. 8 is for explaining characteristics of the.protec- 
tive layer (magnesium oxide). 

35 DESCRIPTION OF PREFERRED EMBODIMENTS 

1 . First Embodiment 

1-1. Structure of the PDP 

40 

[0016] FIG. 1 is a cross-sectional perspective drawing 
partially showing relevant structure of an AC PDP 1 of 
the first embodiment of the present invention. In FIG. 1 , 
a 2 direction corresponds to a thickness direction of the 

45 PDP 1 , and an xy plane corresponds to a plane parallel 
to a panel surface of the PDP 1 . Here, as one example, 
the PDP 1 is a 42-inch class NTSC PDP. However, the 
present invention may be applied to other specifications 
such as XGA (extended graphic array) and SXGA (su- 

50 per extended graphics array), and other sizes. 

[0017] As shown in FIG. 1 , the structure of the PDP 1 
can be divided broadly into a front panel 10 and a back 
panel 1 6, which are arranged with their respective main 
surfaces opposing each other. 

55 [0018] The front panel 10 includes a sheet of front 
panel glass 1 1 that has a plurality of pairs of display elec- 
trodes 12 and 13 formed on one main surface thereof 
(each pair being composed of a scan electrode 12 and 
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a sustain electrode 13). Each of the scan electrodes 12 
is made up of a band-shaped transparent electrode 1 20 
and a bus line 121 , and each of the sustain electrodes 
13 is made up of a band-shaped transparent electrode 
130 and a bus line 131 . The transparent electrodes 120 
and 130 are 0.1 u.m thick and 150 u.m wide, and made 
from a transparent conductive material such as ITO or 
Sn0 2 . The bus lines 121 and 131 which are laminated 
on the transparent electrodes 120 and 1 30, respectively, 
are 95 \im wide, and made of, for example, Ag film (2 
u,m to 1 0 \im thick), thin Al film (0.1 jam to 1 um thick), 
or Cr/Cu/Cr laminated film (0.1 urn to 1 u.m thick). The 
bus lines 121 and 131 lower the sheet resistance of the 
transparent electrodes 120 and 130. 
[0019] A dielectric layer 14 is formed using screen 
printing on the main surface of the front panel glass 1 1 
on which the display electrodes 1 2 and 1 3 are disposed, 
so that the display electrodes 12 and 13 and the ex- 
posed parts of the main surface are covered. The die- 
lectric layer 1 4 is 20-u.m to 50-|i.m thick glass with a low- 
melting point glass, and has lead oxide (PbO), bismuth 
oxide (Bi 2 0 3 ), or phosphate (P0 4 ) as a main compo- 
nent. The dielectric layer 14 has a current restricting 
function that is characteristic to AC PDPs, and contrib- 
utes to enabling AC PDPs to have a longer lifespan that 
DC PDPs. The surface of the dielectric layer 1 4 is coated 
with a protective layer 1 5 that is approximately 1 .0 u.m 
thick. 

[0020] The structure of the protective layer 15 which 
is the characteristic feature of the present first embodi- 
ment is discussed in detail later. 

[0021] In the back panel T6 : a plurality of address 
electrodes 1 8 are provided on amain surface of a sheet 
of back panel glass 17. Each address electrode 1 8 is 60 
u.m wide, and is made of, for example, Ag film (2 \im to 
10 u.m thick), thin Al film (0.1 u.m to 1 urn thick), or Cr/ 
Cu/Cr laminated film (0.1 jimtol urn thick). The address 
electrodes are arranged in a stripe formation, the x di- 
rection being the lengthwise direction, at set intervals 
(360 urn) in the y direction. The main surface of the back 
panel glass 17 is coated with a 30-um thick dielectric 
layer 19 so as to cover the exposed parts of the glass 
.17 and the address electrodes 18. Barrier ribs 20 (150 
}_im high, 40 urn wide) are arranged on the dielectric lay- 
er 19 is positions corresponding to the gaps between 
the address electrodes 1 8, with each pair of neighboring 
barrier ribs 20 partitioning subpixels SU from each other. 
The barrier ribs 20 serve to prevent erroneous dis- 
charge, optical crosstalk, and the like in the x direction. 
Phosphor layers 21 to 23, which correspond respective- 
ly to red (R), green (G), and blue (B) used to achieve 
color display, are formed on the surfaces of the sides of 
the barrier ribs 20 and on the dielectric layer 1 9 between 
the barrier ribs 20. 

[0022] Note that it is possible to cover the address 
electrodes 1 8 with the phosphor layers 21 to 23 directly, 
without using the dielectric layer 19. 
[0023] The front panel 1 0 and the back panel 1 6 are 



arranged facing each other such that the lengthwise di- 
rection of the address electrodes 1B and the display 
electrodes 12 and 13 cross, and the edges of the front 
panel 1 0 and the front panel 1 6 are sealed together with 

5 glass frit. A discharge gas (enclosed gas) composed of 
an inert gas such as He, Xe, and Ne is inserted with a 
predetermined pressure (ordinarily, approximately 53.2 
kPa to 79.8 kPA) in the space formed between the 
sealed panels 10 and 16. 

10 [0024] Each space between neighboring barrier ribs 
20 is a discharge space 24. Each area where a pair of 
display electrodes 12 and 13 cross so as to sandwich 
part of the discharge space 24 corresponds to a subpixel 
SU for image display. Each cell has a pitch of 1 080 u.m 

15 in the x direction and 360 ^.m in the y direction. Three 
neighboring subpixels, specifically an red subpixel, a 
green subpixel, and a blue subpixel, compose one pixel 
(1 080 jum by 1 080 urn). 

20 1-2 Basic operations of the PDP 

[0025] The PDP 1 having the above-described struc- 
ture is driven by a driving unit (not illustrated) that sup- 
plies electricity to the display electrodes 12 and 13 and 

25 the address electrodes 18. When driving the PDP tin 
order to have an image displayed, an AC voltage of sev- 
eral tens of kHz to several hundreds of kHz is applied 
between pairs of display electrodes 12 and 13, thereby 
causing discharge in the subpixels SU. The discharge 

30 excites Xe electrons which emit ultraviolet rays, and the 
ultraviolet rays excite the phosphor layers 21 to 23 which 
consequently emit visible light. 

[0026] At this time, the driving unit controls light emis- 
sion in each cell according to binary control, i.e. each 

35 cell is either on or off. Gradations in color are expressed 
by dividing each frame~-F of a time series of an image 
input by an external apparatus into subframes. Taking 
an example where the total number of subfields is six, 
the number of times that illumination for sustain dis- 

40 charge is performed in each subframe is set by weight- 
ing the subfields so as to have, for instance, a luminance 
ratio 1:2:4:8:16:32. 

[0027] FIG. 2 shows an example of a drive waveform 
process of the PDP 1. Specifically, FIG. 2 shows an m- 

45 th subframe of a frame. Each subframe is assigned an 
initialization period, an address period, a discharge sus- 
tain period, and an erase period as shown in FIG. 2. 
[0028] The initialization period is for erasing wall 
charge of the whole screen (initialization discharge) in 

50 order to prevent influence by previous illumination in the 
cell (due to accumulated wall charge). As shown in FIG. 
2, a positive reset pulse that, has a down-ramp shape 
and that exceeds the firing voltage Vf is applied to all 
the display electrodes 12 and 13. At the same time, a 

55 positive pulse is applied. to all the electrodes 1 8 in order 
to prevent electrical charge and ion bombardment in the 
back panel 16 side. Weak discharge occurs in all cells 
due to the differential voltage between the rising edge 
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and the falling edge of the pulse : and wall charge is 
stored in all cells. Consequently, the state of charge is 
uniform across the whole screen. 
[0029] The address period is for addressing (setting 
illumination/non-illumination) selected cells based on an 
image signal divided into subframes. In the address pe- 
riod, the scan electrodes 1 2 are biased to have positive 
potential and all the sustain electrodes 13 are biased to 
have negative potential relative to ground potential. 
While the display electrodes 12 and 13 are in this state, 
lines (horizontal series of cells that correspond to a pair 
of display electrodes) are selected successively starting 
from the top of the panel, and a negative scan pulse is 
applied to the selected scan electrodes 12. Further- 
more, a positive scan pulse is applied to the address 
electrodes 1 8 that correspond to cells to be illuminated. 
Weak surface discharge is carried over from the initial- 
ization period due to the pulses being applied, and ad- 
dress discharge occurs and wall charge is stored only 
in the cells to be illuminated. 

[0030] The discharge sustain period is for expanding 
the illumination state set by address discharge, and sus- 
taining discharge, in order to obtain luminosity corre- 
sponding to gradation levels. Here, to prevent unneces- 
sary discharge, all address electrodes 18 are biased to 
positive potential, and a positive sustain pulse is applied 
to all sustain electrodes 13. A sustain pulse is then al- 
ternately applied to the scan electrodes 12 and the sus- 
tain electrodes 13, and discharge repeated for a prede- 
termined period. 

[0031] The erase period is for applying a decremental 
pulse to the scan electrodes 12 in order to erase wall 
charge. 

[0032] Note that each of the initialization period and 
the address period is of a set length regardless of lumi- 
nous weight, but the discharge sustain period is longer 
the greater the luminous weight. In other words, the 
length of the display period is different in each subframe. 
[0033] According to the discharge in each subframe 
in the PDP 1 . Xe causes vacuum ultraviolet rays made 
up of resonance lines having a sharp peak at 147 nm 
and of molecular beams with a center of 1 7 3 nm to be 
generated. The phosphor layers 21 to 23 are irradiated 
with the vacuum ultraviolet rays, and generate visible 
light. Multiple colors and gradations are displayed ac- 
cording to combinations of red, green, and blue in each 
subframe. 

1-3. Protective Layer of the First Embodiment 

[0034] The main characteristic of the first embodiment 
is the use of MgO having energy levels such as shown 
in the energy diagram in FIG. 3 as the protective layer 
15. In other words, in the first embodiment, the protec- 
tive layer 1 5 is MgO that has, in addition to afirst energy 
level 151 in a vicinity of the conduction band (C.B), a 
second energy level 152 is provided in a vicinity of the 
valence band (V.B) in the forbidden band. Looking at the 



protective layer 15 in terms of a semiconductor, the first 
energy level 151 can be said to have a donor-like prop- 
erty that emits electrons easily, and the second energy 
level 152'can be said to have an acceptor-like property 

5 that retains electrons easily. 

[0035] By using this kind of structure, the protective 
layer 15 lowers the firing voltage Vf and improves dis- 
charge probability with the first energy level 151, and 
prevents black noise by retaining wall charge with the 

10 second energy level 152. 

[0036] Specifically, according to the protective layer 
15 with the stated structure, when the PDP 1 is driven 
(in the initialization period, for example), electricity is 
supplied to the display electrodes 12 and 13, and when 

15 a positive pulse with a down-ramp waveform is applied 
to the scan electrodes 1 2, the discharge gas is excited, 
and plasma (here, initialization discharge) is generated 
in the discharge space 24. Visible light is emitted having 
an emission wavelength of around 700 nm, correspond- 

20 ing to the difference in energy in the excitement of the 
electrons and the ground state. 

[0037] in the MgO of the protective layer 15 during 
driving, electrons can easily exist in first energy level 
151 provided in a vicinity of the conduction band due to 

25 the state of negative charge, therefore the number*of 
excited electrons increases and electrons can be easily 
supplied to the discharge space 24. This enables the 
discharge irregularities and the discharge staring volt- 
age Vf to be reduced, as well as achieving favorable dis- 

30 charge probability. 

[0038] Conversely, the second energy level 152 pro- 
vided in a vicinity of the valence band is in a state in 
which it receives electrons that were originally retained 
by the first energy level. Due to the electrons existing in 

35 the second energy level, the protection layer is able to 
sufficiently retain wall charge, and the firing voltage Vf 
can be reduced. Consequently, since the conventional 
problem of insulation resistance of the MgO being low- 
ered is controlled, the phenomenon of cells that should 

40 illuminate not illuminating, in other words, black noise, 
can be prevented effectively. 

[0039] In the present invention, vacancies and do- 
pants (impurities) are' used in the MgO crystals in order 
to create the first and second energy levels, respective- 

45 ly. 

[0040] Table 1 shows respective vacancies and ele- 
ments used as dopants to form the first and second en- 
ergy levels in the forbidden layer of the MgO. As shown 
in Table 1 , the first embodiment can be achieved by cer- 
so tain combinations of the vacancies and elements, or in 
some cases by co-doping the MgO with a plurality of 
types of elements. The combinations shown in Table 1 
were discovered as a result of careful investigation by 
the inventors. 

55 
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Table 1 



First energy level 


Second energy level 


Oxygen vacancy 
Group 111 element 
Group IV element 
Group VII element 


Mg vacancy 
Group I element 
Group V element 



[0041] The first energy level in the MgO may be cre- 
ated by providing an oxygen vacancy defect in the MgO 
crystals, or including a Group III element such as B, Al, 
Ga or In, a Group IV element such as Si, Ge, Sn, or a 
Group VII element such as F, CI, Br, or I, in the MgO 
crystals. Furthermore, the second energy level may be 
created in trie MgO by providing an oxygen vacancy de- 
fect in the MgO crystals, or by including a Group I ele- 
ment such as Na, K, Cu, or Ag (but not hydrogen (H)), 
or a Group V element such as N (nitrogen), P, As, or Sb. 
[0042] The following are combinations of structures of 
the first and second energy levels that may be used in 
the present embodiment 

A. The first energy level is created by an oxygen 
vacancy defect, and the second energy level is cre- 
ated by and Mg vacancy defect. 

B. The first energy level is created by an oxygen 
vacancy defect rand the second energy level is cre- 
ated by chrom i u m. 

C. The first energy level is created by silicon, and 
the secbhti"energy ieveTis created by an oxygen 
vacancy defect. 

Although silicon, and oxygen vacancy are both 
ordinarily used for creating a first energy level, sili- 
con creates a level closer to the conduction band, 
and ^her^fore combination *C effectively results in 
silicon creating the f irst energy level and the oxygen 
vacancy defect creating the second energy level. 

D. The first energy level is created by an oxygen 
vacancy defect, and the second energy level is cre- 
ated by a Group I element other than hydrogen, or 
a Group V element. 

Note that the oxygen vacancy defect may be 
created by providing an Mg-rich composition in the 
MgO extending from the surface that faces the dis- 
charge space 24 for a depth Of at least 1 00 nm. 
Here , a thickness of at feast TOO nm is selected so 
as to be greater than the thickness thought to be 
required considering wear of the protective layer 
when the PDP is illuminated in an ordinary lifespan. 

Note that if used as a dopant in combination D, 
hydrogen acts as the first energy level for reasons 
described later. 

E. The first energy level is created by a Group III, 
IV, or VII element, and the second energy level is 
created by an Mg vacancy defect. 

Note that in combination E, the Mg vacancy de- 



fect may be created by oxygen-rich MgO, and the 
transition metal chromium (Cr) may be used as an 
additional dopant to provide luminescent centers. 
The effects of Cr as luminescent centers are de- 
scribed in detail in the second embodiment. As with 
combination D, it is preferable that a protective layer 
including this kind of Mg vacancy defect and Crbe 
formed with a depth of at least 1 00 nm from the sur- 
face that faces the discharge space 24. 

Furthermore, in combination E, if the dopant is 
either hydrogen or the Group IV element silicon, the 
hydrogen or silicon acts as a reserver of electrons 
excited to near the conduction band, and lifespan 
of visible light emission from the luminescent cent- 
ers can be extended. 

F. The first energy level is created by a Group VII 
element, and the second energy level is created by 
a Group I element other than hydrogen, or a Group 
V element. 

G. The first energy level is created by a Group IN, 
IV, or VII element, and the second energy level is 
created by a Group i element other than oxygen, or 
a Group V element. 

[0043] Note that hydrogen (H) is effective'for creating 
the first energy level. Despite being a Group I element, 
hydrogen penetrates the crystals of the MgO interfacial- 
ly, and therefore is included in the protective layer in a 
structurally different form to other Group I elements. In 
other words., hydrogen is an exception among Group I 
elements in that it can be used to create the first energy 
level. 

[0044] Furthermore, Cr is effective for forming the 
second energy level. Examples of structures using chro- 
mium are given in detail in the second and third embod- 
iments. 

[0045] It is desirable that the respective quantities of 
the first and second energy levels in the MgO protective 
layer be approximately the same, or that that of the first 
energy level is slightly greater. 

1-4. Protective Layer (Magnesium Oxide) 

[0046] FIG. 8 is for describing the properties of the 
protective layer (magnesium oxide) of the present in- 
vention. 

[0047] As has been described, in the present inven- 
tion, the magnesium oxide that is the main component 
of the protective layer has a first energy level (E1.) that 
serves as a donor that supplies electrons in the MgO, 
and a second energy level (E2) that serves as an ac- 
ceptor that supplies positive holes in the MgO. The 
amounts of E1 and E2 give rise to the following proper- 
ties, as shown in FIG. 8. 

[0048] Specifically, when E1 exceeds a certain 
amount, the impedance of the MgO is lowered, and wall 
charge is unable to be retained. On the other hand, 
when E1 is below a certain amount, considerable vari- 
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ation occurs in the supply of electrons to the discharge 
space in discharge initialization. This increases incon- 
sistencies in the timing of firing and consequently caus- 
es black noise. 

[0049] Furthermore, simply increasing the amount of 
E2 in Lhe MgO leads to an increase in the firing volLage 
A/r. However, by providing both E1 and E2, the Tiring volt- 
age Vf can be lowered more effectively. As specifically 
shown in FIG. 8, if the respective amounts of E1 and E2 
are set to be approximately equal and the amount of do- 
pants for creating the energy levels are adjusted appro- 
priately, it is possible to maintain a favorable discharge 
state in the PDP while also lowering the firing voltage 
Vf. An optimal range for the respective amounts of E1 
and E2 exists as shown in FIG. 8. 
[0050] The PDP 1 of the first embodiment is manufac- 
tured taking this optimal range into account, and is 
therefore able to lower the firing voltage Vf by about 20% 
compared to a conventional PDP. In addition, the PDP 
1 compares favorably with a conventional PDP in terms 
of wall charge retention, and does not exhibit black 
noise. 

[0051] In a protective layer made from MgO according 
to a conventional technique, firing voltage Vf is lowered 
by, for example, providing afirst energy level in a vicinity 
of the conduction band of the forbidden band of the 
MgO. As shown in FIG. 7 , this causes electrons in the 
first energy level that are close to the discharge space 
24 to be emitted to the discharge space 24 by utilizing 
energy obtained by a transition shown by an arrow 32. 
However, the inventors found through experiments that 
although the firing voltage Vf is lowered, black noise oc- 
curs easily with this conventional technique. This is be- 
cause the insulative properties of the MgO decline in 
proportion to the increase of electrons in the first energy 
level 31 , and retention of charge, such as wall charge 
for image display, becomes difficult. 
■ [0052] In contrast, the PDP 1 of the first embodiment 
is able to reduce firing voltage Vf and prevent discharge 
variations, thereby achieving reliable discharge without 
use of expensive driver ICs, highly voltage-resistant 
transistors, and the like, and is able to prevent black 
noise. In other words, although a conventional tech- 
nique reduces discharge variations and firing voltage Vf , 
the ability to retain wall charge is lost because only a 
first energy level is provided in the protective layer. The 
resulting problem of image deterioration due to black 
noise is solved by the present invention. 

2. PDP Manufacturing Method 

[0053] The following describes an example of a meth- 
od for manufacturing the PDP 1 of the present embod- 
iment. The method described here may also be applied 
to the PDP 1 of the second and third embodiments de- 
scribed later. 



2-1. Front Panel Fabrication 

[0054] The display electrodes are formed on the sur- 
face of the front panel glass, which is soda lime glass 
5 that is approximately 2.6 mm thick. In the example given 
here the display electrodes are formed by a printing 
method, but another method, such as die-coating or 
blade coating, may be used. 

[0055] First, ITO (transparent electrode) material is 

10 applied on the front panel glass in a predetermined pat- 
tern, and dried. Meanwhile, a photosensitive paste is 
made by mixing metal (Ag) powder and an organic ve- 
hicle together with photosensitive resin (photolytic res- 
in). This photosensitive paste is applied on the transpar- 

15 ent electrode material, and covered with a mask in the 
pattern of the display electrodes to be formed. The pho- 
tosensitive paste is exposed through the mask, and then 
developed and fired (at a temperature of approximately 
590°C to 600°C), resulting in bus lines being formed on 

20 the transparent electrodes. This photomask method en- 
ables the buslines to be formed with a width of approx- 
imately 30 u.m. This width is narrow compared to the 
minimum width of 1 00 urn achievable with conventional 
techniques that use screen printing. Note the metal 

25 component of the buslines may alternatively be r for ex- 
ample, Pt, Au, Ag, Al, Ni, Cr, tin oxide, or indium oxide. 
[0056] Another possible method for forming the elec- 
trodes is to first form an electrode film by deposition, 
sputtering or the like, and then use an etching process. 

30 [0057] Next, a paste is applied on the formed elec- 
trodes. This paste is a mixture of a dielectric glass pow- 
der that has a softening point of 550°C to 600°C, such 
as a lead oxide or a bismuth oxide, and an organic bind- 
er such as butyl carbitol acetate. This is baked at ap- 

35 proximately 550° C to 650°C, thereby forming the die- 
lectric layer. 

[0058] Next, the protective layer of predetermined 
thickness is formed on the surface of the dielectric layer 
using EB deposition. The basic formation process con- 

40 , sists of using MgO in a pellet form (average grain diam- 
eter 3 mm to 5 mm. purity at least 99.95%) as the source 
of deposition. If the MgO is to be doped, an appropriate 
amount of a predetermined element that is the dopant 
is mixed with the MgO at this stage. Then, reactive EB 

45 deposition is performed using a Pierce gun under the 
following conditions : degree of vacuum 6.5*1 0' 3 Pa, ox- 
ygen flow rate 10 seem, oxygen partial pressure at least 
90%, rate 2 ns/m, and substrate temperature 150°C). 
[0059] The following are possible variations of the 

50 process for forming the protective layer in the second 
embodiment. The MgO material is not limited to being 
in the pellet form described below. 

a. An Mg vacancy defect is formed in the MgO crys- 
55 tals by forming the MgO film in an oxygen atmos- 
phere. Next, an oxygen vacancy defect is formed in 
the MgO crystals according to a short reducing at- 
mosphere process. According these processes, the 
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Mg vacancy defect and the oxygen vacancy defect 
are made to coexist in the MgO. The oxygen vacan- 
cy defect is the first energy level and the Mg vacan- 
cy defect is the second energy level. The two proc- 
esses to form the vacancy defects may be per- 
formed In either order. Furthermore, the reducing 
atmosphere process and the oxygen atmosphere 
process may be a plasma process including hydro- 
gen and a plasma process including oxygen, re- 
spectively, or a heating process including hydrogen 
and a heating process including oxygen, respec- 
tively. 

b. The MgO pellets are doped with a Group I ele- 
ment other than hydrogen (H), such as Na, K, Cu, 
or Ag, or a Group V element such as N (nitrogen), 
P, As, or Sb. Next, a film formation process, such 
as a heat process or a plasma process, is per- 
formed in a reducing atmosphere. The resulting ox- 
ygen vacancy defect creates the first energy level, 
and the Group I element other than hydrogen (H), 
or the Group V element creates the second energy 
level. 

c. The MgO pallets are doped with a Group III ele- 
mentsuch as^S, Al, Ga, or In, or a Group IV element, 
or a Group VI I element such as F, CI, Br or I, and 
the film formation process is performed in an oxy- 
gen atmosphere. The oxygen atmosphere process 
may be a heating process including oxygen, or a 

, plasma process including oxygen. The Group III el- 
ement, the 1 Group IV element, or the Group VII ele- 
ment-oneates^ihe first energy leveL Furthermore, an 
Mg vacancy defect formed according to an oxygen 
atmosphere process creates the second energy 
level. 

d. The MgO pellets are doped with both (i) a Group 
VII element, and (ii) either a Group I element other 
than hydrogen (H) or a Group V element. Then, a 

• film formation process is performed in an oxygen 
-atmosphere. The Group VII element creates the 
first energy level, and the group I element other than 
hydrogen (H) or the Group V element creates the 
second energy level. 

e. The MgO pellets are doped with (i) either a Group 
III element, a Group IV element, or a Group Vll el- 
ement, and (ii) a Group I element other than hydro- 
gen (H)oraGroup V element. The Group III, Group 
IV, or Group VII element creates the-first energy lev- 
el, and the Group I element other than hydrogen (H) 
or the Group V element creates the second energy 
level. 

[0060] Note that there are various methods that can 
be used to form the protective layer. For example, the 
film may be formed by an electron beam deposition 
method or a sputtering method with use of a source and 
a target that have been doped with impurities. Further- 
more, if Cr is to be included in the MgO, the MgO may 
be doped with the Cr according to a doping process or 



a plasma process after the film formation process. 
[0061] In the second embodiment, if the MgO is to be 
doped with Cr, an appropriate amount of Cr in order to 
maintain crystallization of the protective layer is 

5 1 E1 8/cm 3 or less. Note that if Si or H is used as the do- 
pant, at least 1 E16/cm 3 is necessary. 
[0062] Note also that the effects of the present inven- 
tion can be obtained to an extant as long as the protec- 
tive layer is doped in at least the areas corresponding 

10 to the display electrodes. An example of a method that 
can be used if only specific areas of the protective layer 
are to be doped is to form a patterning mask on the sur- 
face of a partially formed MgO film, and then perform 
plasma doping. 

15 [0063] Furthermore, the protective layer may be 
formed using another method such as CVD (chemical 
vapor disposition). 

[0064] This completes the front panel. 

20 2-2. Back Panel Fabrication 

[0065] A conductive material having Ag as a main 
component is applied by screen printing in stripes with 
set intervals therebetween on the surface of the back 

25 panel glass, which is soda lime glass that is approxi- 
mately 2.6 mm thick, thereby forming 5 urn-thick ad- 
dress electrodes. If, for example, the PDP 1 is to be a 
40-inch NTSC or VGA PDP, the interval between the ad- 
dress electrodes is 0.4 mm or less, 

30 [0066] Next, a lead glass paste is applied over the 
whole surface of the back panel to cover the address 
electrodes, with a thickness of 20 urn to 30 urn, and 
baked to form the dielectric layer. 
[0067] Barrier ribs of approximately 60 urn to 1 00 pm 

35 in height are formed on the dielectric layer in the gaps 
between the address^ electrodes using the same kind of 
lead glass as was used for 1h& dielectric layer. The bar- 
rier ribs'are formed, for example, by repeatedly screen 
printing paste that includes the glass material, and-then 

40 baking. Note that in the present invention it is desirable 
for the lead glass material that forms the barrier ribs to 
include an Si component because^ i improves the effect 
of controlling the impedance of the protective layer. The 
glass may be doped with Si even if an S i component is 

45 included in the chemical composition of the glass. Fur- 
thermore, the glass, may be doped with an appropriate 
. amount of an impurity that has a high vapor pressure 
(N, H, CL F, etc), in a gas form in the vapor during the 
MgO film formation process. 

so [0068] After the barrier ribs have been formed, phos- 
phor ink that includes either red (R) phosphor, green (G) 
phosphor, or blue (B) phosphor is applied to the surface 
of the dielectric film on the exposed areas between the 
barrier ribs, and on the surfaces of the wall of the barrier 

55 ribs. This is baked and dried, thereby forming the phos- 
phor layers. 

[0069] The following is an example of the chemical 
composition of the R, G, and B phosphors. 
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Red Phosphor: Y 2 0 3 : Eu 3+ 
Green Phosphor: Zn 2 Si0 4 : Mn 
Blue Phosphor: BaMgAI 10 O 17 : Eu 2 + 

[0070] Each of the phosphor materials has an aver- 
age grain size of 2.0 Jim. The phosphor materials are 
put into a server with a 50% mass ratio, together with 
ethylcellulose with a 1% mass ratio, and a solvent (a- 
terpineol) with a 49% mass ratio, and mixed in a sand- 
mill, thereby producing 15*10' 3 Pa-s phosphor ink. The 
phosphor ink is injected between the barrier ribs 20 by 
a pump having a nozzle with a diameter of 60u.m, while 
the panel is made to travel in the lengthwise direction of 
the barrier ribs in order to apply the phosphor ink in 
stripes. Next, the pane! on which the phosphor ink has 
been applied is baked for 1 0 minutes at 500°C, thereby 
forming the phosphor layers 21 to 23. 
[0071] This completes the back panel. 
[0072] Note that the front panel and the back panel 
are not limited to being made of soda lime glass as given 
as an example, but may be made of another material. 

2- 3. Completion of the PDP 

[0073] The fabricated front panel and back pane! are 
sealed together using sealing glass. The resulting dis- 
charge space is evacuated to a high vacuum of approx- 
imately 1 . 0*1 0" 4 Pa, and then filled with a discharge gas 
such as Ne-Xe, He-Ne-Xe, or He-Ne-Xe-Ar with a pre- 
determined pressure (here, 66.5 kPato 101 kPa). 
[0074] This completes the PDP 1 . 

-3. Second Embodiment 

3- 1 . Structure of the PDP 

[0075] The overall structure of the PDP 1 of the sec- 
ond embodiment is almost the same as that of the first 
embodiment, and is characterized by the protective lay- 
er 15. 

[0076] Specifically, the main characteristic of the PDP 
1 of the second embodiment is that the MgO crystals 
that make up the protective layer 15 are doped with a 
metal element Crf rom the surface of the protective layer 
1 5 extending for a depth of at least 1 00 nm, with a den- 
sity of concentration of 1 E1 8/cm 3 . In addition, the MgO 
crystals have a structure that includes an oxygen vacan- 
cy defect. 

[0077] Accordingto this structure, the first energy lev- 
el is created in the forbidden band of the MgO of the 
protective layer 15 by the oxygen vacancy defect, and 
the second energy level is created in the forbidden band 
by the Cr. This achieves substantially the same effects 
as the first embodiment. 

[0078] Additionally, in the second embodiment the Cr 
used as a dopant works as luminescent centers during 
driving of the PDP 1 , and controls impedance of the pro- 
tective layer. Consequently, discharge probability of ad- 



dress discharge and the like is improved, and the PDP 
1 exhibits superior image display characteristics. Note 
that it is sufficient for the Crto be doped in areas of the 
protective layer 15 that correspond to the positions of 

5 the display electrodes 12 and 13, instead of the being 
doped across the whole protective layer 15. The effects 
of this strucLure are described in detail later. Further- 
more, although Cr is given as an example of a dopant 
that controls the impedance of the protective layer 15, 

10 another element that achieves the same effect may be 
used. Examples of such elements are transition ele- 
ments such as Mn and Fe, and rare earth elements such 
as Eu, Yb, and Sm. 

15 3-2. Effects of the Second Embodiment 

[0079] While it is desirable to use a material that is 
sputter resistant and has superior secondary electron 
discharge characteristics for the protective layer 15, it 

20 is a condition that the material is able to favorably main- 
tain discharge during driving of the PDP 1 , as well as 
sustaining the carrier concentration ofthe protective lay- 
er 15 so as to control changes in impedance in order 
that discharge occurs easily in the discharge space 24. 

25 |f the materialfulfilis these conditions, the discharge 
probability of address discharge and the like during driv- 
ing can be increased, and favorable image display per- 
formance can be obtained even in high-speed driving 
that accompanies high definition. 

30 [0060] The second embodiment realizes substantially 
the same effects as the first embodiment by providing 
an oxygen vacancy defect in the MgO crystals of the 
protective layer in order to ensure the first energy level, 
and by creating the second energy level using a doping 

35 material other than Si (here, Cr is used). The inventors 
of the present invention chose to use Cr as the dopant 
for controlling the impedance of the protective layer 15 
after finding that Cr in the MgO crystals works as lumi- 
nescent centers. Specifically, the inventors found that if 

40 MgO is doped with Cr, a phenomenon occurs in which 
the Cr generates a broad emission spectrum with a 
wavelength in the vicinity of 700 nm. Note that detailed 
analysis of the properties of MgO doped with impurities 
can be found in C.C. Chao, J. Phys.Chem. Solids 32 

45 2517 (1971) and M.Maghrabi et al NIM B191 (2002) 
181. 

[0081] The second embodiment came about by fo- 
cusing on the fact that the discharge probability during 
driving ofthe PDP 1 changes depending on the condi- 
50 tions of the protective layer that contacts the discharge 
space, specifically, the structure, diameter and orienta- 
tion of the MgO crystals, and the impurities that are in- 
termixed with the crystals. 

[0082] By using Cr in this way, the first energy level is 
55 created in the forbidden band of the MgO of the protec- 
tive layer according to the oxygen vacancy defect, and 
the second energy level is created according to the Cr. 
As a result, the same effects as the first embodiment 
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can be achieved when the PDP 1 is driven. 
[0083] In addition, electrons in the protective layer 1 5 
are excited by irradiation of VUV caused by sustain dis- 
charge, initialization discharge and the like, and visible 
light with a long wavelength of approximately 700 nm is 
emitted from the luminescent centers which are Cr. At 
this time, there are electrons in the protective layer "1 5 
that transition to the luminescent centers, as well as 
electrons that are excited to the energy level in a vicinity 
of the conduction band. Due to these excited electrons, 
the carrier concentration of the protective layer 15 is im- 
proved, and the impedance of the protective layer 15 is 
controlled. Furthermore, as the number of electrons ex- 
cited to near the conduction band due to visible like 
emission increases, the discharge probability of the 
PDP 1 increases, and therefore the PDP 1 exhibits su- 
perior image display characteristics. Forthese reasons, 
even if Gr is used instead of Si, the discharge probability 
of address discharge and the like increases. Further- 
more, there is greater freedom in selecting materials at 
the time of manufacturing. 

[0064] - Another technique for forming luminescent 
centers in the MgO of the protective layer is to use an 
oxygen* vacancy ^defect (an Mg-rich composition) in the 
protective layer. Visible light having a wavelength of ap- 
proximately 400 nm to 600 nm can be obtained with the 
oxygen vacancy'defect. As when Cr is used as a dopant, 
in this case- electrons are exited to the conduction band 
level in the MgO when visible light is emitted, thereby 
improvi ng the tsarrier concentration of the protective lay- 
er. rAs -a-resialt,tthe described -effects^ can be obtained. 
[0085] Here, "FIG. 4 shows the energy bands of the 
MgO protective Mayer 15 of the second embodiment 
doped with Or. Ec shows the lower edge of the conduc- 
tion band, and Ev shows the upper edge of the valence 
band. As-shown, in FIG. 4, during dniving*of the PDP 1 , 
in the initialization period for example, when the pairs of 
display electrodes 12 and^1S are s upplied with electricity 
and a positive pulse with a down-ramp waveform is ap- 
plied to the scan electrodes 12, the discharge gas is ex- 
cited, and plasma (initialization discharge) occurs in the 
discharge space 24. Then, due to ultraviolet rays from 
the plasma, the electrons in the MgO of the protective 
layer 1 5-become excited (E0 to E2). When the electrons 
are excited, visible light having a wave length of approx- 
imately 700 nm is generated due to the difference in en- 
ergy between G2 and E0 . Attn is time, E2 works as the 
second energy level. Accompanying light emission is 
the occurrence of electrons in the protective layer 15 be- 
ing excited to an impurity level (capture level), which is 
the first energy level that is in a vicinity of the conduction 
band. 

[0086] Due to the electrons being excited to the impu- 
rity level in a vicinity of the conduction band in this proc- 
ess, the carrier concentration of the protective layer 15 
is improved, and the impedance of the protective layer 
15 is controlled. As a result, discharge probability is in- 
creased in both the address period and the discharge 



sustain period following the initialization period, and the 
PDP 1 exhibits favorable image display performance. 
Furthermore, since, address discharge (write dis- 
charge) can be performed reliably in high-speed driving 

5 for high definition display due to the increase in dis- 
charge probability, the PDP 1 exhibits favorable image 
display. Consequently, high-speed driving can be 
achieved without increasing the number of data driver 
ICs to use dual scanning. In other words, high-speed 

10 driving can be achieved at low cost. ■ 

[0087] Note that the effects of the second embodi- 
ment are exhibited favorably in the periods from the in- 
itialization period through to the address discharge pe- 
riod (in other words, the period in which black noise oc- 

15 curs most easily) , however, the second embodiment is 
also effective in achieving favorable sustain discharge 
in the discharge sustain period. 

[0088] Additionally, depending on the structure, in 
some PDPs there are cases in which the Si included in 
20 compositional elements of the PDP impregnates the 
protective layer via the discharge space and causes the 
impedance of the protective layer to change over time. 
However, the second embodiment also has the advan- 
tage of avoiding this problem due to the use of Cr. 

25 

4. Third Embodiment 

[0089] FIG. 5 is a partial cross-sectional diagram of 
the structure of the protective layer 15 of the PDP 1 of 
30 the third embodiment. As shown in FIG. 5, the protective 
layer 15 of the third embodiment is composed of two 
layers 15A and 15B, of which the protective layer 15A, 
which is made of MgO that is approximately 1 00 nm 
thick, is doped at the surface with Cr and has an oxygen 
35 vacancy defect, in this structure also, the oxygen vacan- 
cy defect creates the first energy level and the Cr cre- 
ates the second energy level. In this way, in the present 
invention, the protective lay err1 5 is not jimited to having 
uniform qualities in the thickness direction. The effects 
40 of the present invention can be obtained as long as first 
and second energy levels are created at least in a vicin- 
ity of the surface of the protective layer 15. The thick- 
ness of approximately 100 nm is selected so as to be 
greater than the thickness thought to be required con- 
45 sidering wear of the protective layer when the PDP is 
illuminated in an ordinary lifespan. If the protective layer 
15A is of this thickness, the effects are sustained 
throughout normal use of the PDP 1 . 
[0090] Note that the two-layer structure of the proteo- 
se tive layer 1 5 may be formed by using an EB (electron 
beam) method or a sputter method. Here, the protective 
layer 15B is first formed using a pure MgO source and 
target, and then the protective layer 1 5A is formed using 
an MgO material that includes Cr. Alternatively, the pro- 
55 tective layer t5inay be firstformed from only MgO, and 
then the surface of the protective layer may be proc- 
essed according to a plasma doping method or the like. 
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5. Other 

[0091] Although examples are given in the second 
and third embodiments of the Cr being doped into MgO 
of the protective layer that has an oxygen vacancy de- 
fect, the presenL invention is not limited to this structure. 
The effects of the present invention can be further 
heightened by doping the MgO with hydrogen (H) in ad- 
dition to Cr. If the MgO is doped with Cr and H, the de- 
scribed effects of the Cr are obtained, specifically, broad 
visible light of approximately 700 nm is obtained, and 
electrons are excited to near the conduction band, 
thereby improving carrier concentration of the protective 
layer 15. Furthermore, the H diffuses in the oxygen va- 
cancy defect of the MgO, enters a monovalent negative 
ion state, and forms a donor-like impurity level is formed 
neat the lower edge of the conduction band. The hydro- 
gen works as a reserver of electrons excited to the im- 
purity level, and therefore the lifespan of the visible light 
lengthens, and the carrier concentration of the protec- 
tive layer 15 further improves. Note that detailed analy- 
sis of the property of MgO doped with impurities can be 
found in G.H. Rosenblatt et al. Phys.Rev. B39 (1989) 
10309. Doping the MgO of the protective layer 15 with 
hydrogen (H) in addition to Cr increases discharge prob- 
ability as in the second and third embodiments, and ob- 
tains favorable image display performance because of 
the aforementioned effects. 

[0092] Furthermore, an alternative structure of the 
protective layer 15 in the present invention is one in 
which an oxygen vacancy defect is formed using Mg- 
rich MgO, and doped with Si as impurities. According to 
this structure, luminescent centers are formed with the 
oxygen vacancy defect in the MgO of the protective lay- 
er, and, electrons are consequently excited to near the 
conduction layer. Since the Si works as a reserver for 
the excited electrons, the lifespan of the visible light is 
lengthened, and the carrier concentration of the protec- 
tive layer is improved. As a result, the impedance of the 
protective layer is controlled, and the same effects as 
the second and third embodiments are achieved. 
[0093] Yet another example of a alternative structure 
of the protective layer 15 is one in which Mg-rich MgO 
used for the protective layer is doped with H impurities. 
According to the stated structure, during driving of the 
PDP 1 visible light is generated in the oxygen vacancy 
defect included in the MgO of the protective layer 15, as 
shown in FIG. 6. Accompanying this visible light, elec- 
trons are excited to the near conduction band of the 
MgO in the protective layer 15. The hydrogen works as 
an operator for the excited electrons, and the lifespan 
of the visible light is lengthened. As a result, the same 
effects as the second and third embodiments are ob- 
tained. Here, favorable effects can also be obtained if 
Cr is used to dope the Mg-rich MgO, since this increases 
the number of luminescent centers. Furthermore, since 
both the oxygen vacancy defect and Cr exist as the lu- 
minescent centers in this case, there is an added ad- 



vantage that impedance of the protective layer can be 
more freely controlled. 

[0094] Furthermore, the effects of the present inven- 
tion are particularly high when oxygen-rich MgO is used 

5 in the protective layer 15. When the MgO is oxygen-rich, 
the oxygen vacancy concentration is low and there are 
very few luminescent centers, and therefore very little 
light is emitted after initial discharge. If Cr and the like 
are doped into the MgO as in the present invention, the 

10 number of luminescent centers increases, and therefore 
the carrier concentration of the protective layer increas- 
es favorably. As a result, discharge irregularities de- 
crease remarkably. 

[0095] Furthermore, in the present invention the pro- 

15 tective layer 15 may have a structure in which oxygen- 
rich MgO is doped with Cr and H. Since there are few 
luminescent centers in oxygen-rich MgO, dopingwith Cr 
and H remarkably increases light emission from the lu- 
minescent centers after initialization discharge and the 

20 amount of secondary electrons discharged. Therefore, 
the same kind effects as the second and third embodi- 
ments can be obtained favorably. 
[0096] Furthermore, in the present invention the pro- 
tective layer 15 may have a structure in which oxygen- 

25 rich MgO is doped with Cr and Si. This structure also 
obtains the same kind of effects as when the oxygen- 
rich MgO is doped with Cr and H, as described above. 
[0097] Note that with any of the structures in which 
one or more of Cr, Si, and H is used as a dopant in ox- 

30 ygen-rich MgO or Mg-rich MgO, it is not necessary for 
the whole of the protective layer to have such a struc- 
ture. It is sufficient for the protective layer 15 to have 
such a structure from the surface extending for a depth 
of least 100 nm from the surface to obtain the effects of 

35 the present invention. 

[0098] Although the present invention has been fully 
described by way of examples with reference to accom- 
panying drawings, it is to bemoted that various changes 
and modifications will be apparent to those skilled in the 

40 art. Therefore, unless such changes and modifications 
depart from the scope of the present invention, they 
should be construed as being included therein. 



45 Claims 

1 . A plasma display panel composed of a first sub- 
strate and a second substrate that are arranged fac- 
ing each other via a discharge space and sealed 

so together at edge portions, the first substrate having 
a protective layer being formed on a main surface 
thereof that faces the second substrate, wherein 

the protective layer is composed principally of 
magnesium oxide, includes a substance or a struc- 

55 ture that creates a first energy level in an area of a 
forbidden band, the area being in a vicinity of a con- 
duction band, and includes a substance or a struc- 
ture that creates a second energy level in another 
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area in the forbidden band, the other area being in 
a vicinity of a valence band. 

The plasma display panel of Claim 1, wherein 

discharge irregularities are controlled due to 
the existence of the first energy level, 

and wall charge is retained due to the exist- 
ence of the second energy level. 



14. The plasma display panel of Claim 13, wherein 

the protective layer is oxygen-rich and doped 
with chrome in a part extending for a depth of at 
least 100 nm starting from a surface of the protec- 
tive layer that faces the discharge space. 

15. The plasma display panel of Claim 14, wherein 

the protective layer is doped with one of hy- 
drogen and silicon. 



3. The plasma display panel of Claim 1 , wherein 10 

the first energy level is created by an oxygen 16. 
vacancy defect. 

4. The plasma display panel of Claim 3, wherein 

the second energy level is created by a mag- 15 
nesium vacancy defect. 17. 

5. The plasma- display panel of Claim 3 wherein 

the protective layer is magnesium-rich in an 
area that extends for a depth of at least 1 00 nm 20 
starting from a surface of the protective layer that 
faces the discharge space. 

18. 

6. The plasma display panel of Claim 3, wherein 

the protective layer is doped with chrome. 25 

7. The plasma display pane! of Claim 3, wherein 

the protective layer is doped with one of a 
Group I element other than hydrogen and a Group 19 
V element. 30 

8. The plasma display panel of Claim 7, wherein 

the one of the Group I element other than hy- 
drogen and the Group V element causes the second 
energy level. 35 



The plasma display panel of Claim 1 , wherein 

the protective layer is doped with a Group VII 
element, and one of a Group I element other than 
hydrogen and a Group VII element. 

The plasma display panel of Claim 16, wherein 

the first energy level is created by the Group 

VII element, and 

the second energy level is created by the one 

of the Group l element other than hydrogen and the 

Group VII element. 

The plasma display panel of Claim 1 , wherein 

the protective layer is doped with one of a 
. Group III element, a Group IV element, and a Group 
VII element, and one of a Group I element other 
than hydrogen and a Group V element. 

, The plasma display panel of Claim 1 8, wherein 

the one of the Group ill element, the Group IV 
element, and the Group VI I element creates the first 
energy level, and 

the one of the Group I element other than hy- 
drogen and the Group V element creates the sec- 
ond energy level. 



9. The plasma display panel of Claim 8, wherein 

the protective layer is doped with hydrogen. 7 

10. The plasma display panel of Claim 9, wherein 

the oxygen vacancy defect and the hydrogen 
cause the f irst energy level. 

11 . The plasma display panel of Claim 1 , wherein 

the protective layer has an oxygen vacancy 
defect and is doped with silicon. 

12. The plasma display panel of Claim 1 , wherein 

the protective layer is doped with one of a 
Group III element, a Group IV element, and a Group 
VII element. 

13. The plasma display panel of Claim 12, wherein 

the one of the Group III element, the Group IV 
element, and the Group VII element creates the first 
energy level, and 

an Mg vacancy defect creates the second en- 
ergy level. 



20. A plasma display panel manufacturing method in 
which a protective layerforming procedure for form- 
ing a protective layer on a surface of a substrate is 

40 performed, the method comprising: 

in the protective layer forming procedure, a 
forming step of forming the protective layer 
from magnesium oxide; and 

45 a processing step of subjecting the protective 

layer to-one of a (a) -heating process in an at- 
mosphere that includes oxygen, (b) a plasma 
discharge process in an atmosphere that in- 
cludes oxygen, (c) a heating process in an at- 

50 mosphere that includes hydrogen, and (d) a 

plasma discharge process in an atmosphere 
that includes hydrogen. 

21. A plasma display panel manufacturing method in 
ss which a protective layerforming procedure for form- 
ing a protective layer on a surface of a substrate is 
performed, the method comprising: 
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in the protective layer forming procedure, a 
forming step of forming the protective layer by 
doping magnesium oxide with one of a Group I 
element and a Group V element; and 
a processing step of subjecting the protective 
layer lo one of a heating process in an atmos- 
phere thai includes hydrogen and a plasma 
process in an atmosphere that includes hydro- 
gen. 

22. A plasma display panel manufacturing method in 
which a protective layer forming procedure for form- 
ing a protective layer on a surface of a substrate is 
performed, the method comprising: 
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15 



in the protective layer forming procedure, a 
forming step of forming the protective layer 
from magnesium oxide, and by doping the mag- 
nesium oxide with one of a Group II! element, 
a Group IV element, and a Group VII element; 20 
and 

a processing step of subjecting the protective 
layer to one of a heating process in an atmos- 
phere that includes oxygen and a plasma proc- 
ess in an atmosphere that includes oxygen. 25 

23. A plasma display panel manufacturing method in 
which aprotective layer forming procedure for form- 
ing a protective layer on a surface of a substrate is 
performed, the method including: 30 

in the protective layer forming procedure, a 
forming step of forming the protective layer 
from magnesium oxide, and by doping the mag- 
nesium oxide with at least one of (a) a Group 35 
111 element, (b) a Group IV element, and (c) a 
Group VII element, and at least one of (d) a 
Group I element other than hydrogen and (e) a 
Group V element. 

40 
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FIG. 3 
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